The unidirectional carbon fiber (CF) preform for carbon fiber reinforced aluminium (CF/Al) composites has been investigated in terms of the fabrication condition and the strength property. The CF preform which consists of CFs and Cu particles was fabricated by spark plasma sintering (SPS) process with different fabrication temperatures. In order to determine the infiltration pressure of molten Al to the CF preform, the compression test was performed to the CF preform. The unidirectional CF preform by SPS process was well formed with the fabrication temperature condition at 1123 K in accordance with the formation of Cu particle bridging between fibers and Cu deposition on fibers. The compression strength of the CF preform increased with increasing fabrication temperature. Besides, the CF preform was deformed such as fiber micro-buckling or fiber kinking phenomena over the maximum compression strength. The infiltration pressure of the molten Al can be decided under the maximum compression strength.
Introduction
The various composite materials have been developed for a field of thermal dissipation components providing excellent advantages such like the improvement of the thermal conductivity, tailorable coefficient of thermal expansion, weight saving and net shape fabrication process to replace the conventional materials. 1, 2) The thermal packaging of composite materials which possessed the excellent thermal conductivity can be used as the heat sink applications for the high heat generation electronic components. These components have been exploited the increase of power levels such as semiconductors, light emitting diode (LED) and converter. 3, 4) Especially, the thermal dissipation of high power capacity converter modules including insulated gate bipolar transistor (IGBT) or metal oxide semiconductor field effect transistor (MOSFET) can be one of the issues in accordance with the development of the hybrid electric vehicles (HEV) and electric vehicles (EV) in an automobile field.
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Recently, SiCp/Al and Diamond/Cu composites with high thermal conductivity have been investigated at the thermal management industry. 8, 9) Although Diamond/Cu composites were expected to represent the high thermal conductivity, the heavy weight of Cu and high cost of diamond are able to limit their application. In addition, both of SiC and diamond can be a defect for machining with their high hardness property. However, pitch-based CF/Al composites are able to accomplish the high thermal conductivity and solve the problems mentioned above.
The squeeze casting process has been well adopted as the fabrication process of composite materials by means of molten metal infiltration to porous fiber preform. However, squeeze casting process for fabrication of fiber reinforced composite materials is able to cause fiber fracture and/or inhomogeneous fiber distribution with by using high pressure. 10, 11) On the other hand, the low pressure infiltration (LPI) process is one of the promising infiltration methods by using low applied pressure. It was also known that the LPI process for the composite materials enabled relatively simple facilities, cost-effective and complex shape fabrication using low applied pressure. 12, 13) Prior to the fabrication of CF/Al composites by the LPI process, the optimization of fabrication process of CF preform is one of the important parameter to obtain high performace composite materials.
In the present study, the unidirectional CF preform with addition of Cu particles has been prepared by SPS method with different sintering temperatures. The compression test on CF preform was carried out in order to determine the range of the infiltration pressure of molten Al to the fiber axis direction. In addition, the effect of the fabrication temperature on the deformation profiles of CF preform after maximum compression strength has been also discussed in conjunction with the observation of microstructures.
Experimental Procedure
The unidirectional CF preform contained of coal tar pitch based K13D2U CFs (Mitsubishi Plastics, Inc.) and atomized Cu powders (Fukuda metal, foil & powder Co, LTD.) with an average particle size of about 2.55 mm. The inherent size treatment on the commercial fiber surface was removed in acetone for 40 min with ultrasonic cleaning. Subsequently, Cu powders with polyethylene glycol (PEG) were dispersed into the fiber bundles for Cu spacing and bridging between the CFs. The fiber mixtures were sintered to be CF preform by SPS method. The fiber mixtures put into the graphite mold and voltage and current were applied from the upper punch to lower with 4 V and the range of about 380-410 A for 30 min.
The CF preform was prepared with the different fabrication temperature of 1073 K, 1123 K and 1173 K with about 380 A, 390 A and 410 A, respectively. The dimension of the CF preform was È10 Â 10ðtÞ mm 3 . In addition, the compression test by direct loading to the fiber axis for unidirectional CF preform was carried out to identify the compressive behavior and determine the infiltration pressure of the molten Al. The crosshead speed of the compression test was 0.5 mm/min at room temperature. The microstructure of as-received and after compression test of CF preform was observed by SEM. The image analysis on microstructure of both CFs and Cu bridging particles from CF preform has been carried out to calculate the occupied area of Cu deposition particles and the contact area of Cu bridging particles on CFs. Figure 1 represents the microstructure of CF preform fabricated at the different sintering temperatures of 1073 K, 1123 K and 1173 K, respectively. The addition of Cu powders was determined to disperse into the CFs as spacer and fiber bridging material. In the studies of SPS process, 14, 15) the powder compact with extremely small contact area between powders proceeds mass transport by high local current densities and occurs melt and vaporization of adjacent particles under SPS conditions. In this study, the addition of Cu powders is able to carry out not only the Cu bridging between fibers, but also deposition on fibers by melt and vaporization under SPS process. It was also reported that Cu coatings by deposition on CFs facilitated the wettability with the molten Al. 16) As shown in Fig. 1(a) , the CF preform consists of CFs and well dispersed Cu particles between fibers. However there are little amount of Cu deposition on fibers and Cu bridging between fibers. In addition, little amount of Cu bridging can indicate lower compression strength level of CF preform which debond easily between CFs and Cu particles by compression loading than well bridged preform. The fiber bridging is inevitable to produce the preform shape formation with the expected dimension by bonding fibers each other and possess the strength of CF preform against the infiltration pressure. The CF preform fabricated at 1123 K ( Fig. 1(b) ) shows significant Cu bridging between CFs by coalescence of contact particles. Besides, the Cu deposition on CFs remarkably increased in accordance with the increase of current density conditions. Figure 1 (c) also shows the significant Cu deposition on fibers and bridging between fibers into the CF preform at the sintering temperature of 1173 K. However, the Cu bridging particles formed enlarged shape by bonding the adjacent particles continuously. It is possible that the infiltration of molten Al can be disturbed by enlarged Cu particles when the molten Al flows into the inter fiber region by LPI process. Figure 2 indicates the occupied area of Cu deposition on CF surface depending on the fabrication temperature. The CF preform fabricated at 1073 K shows low deposition ratio of about 2.87%, whereas the CF preform fabricated at 1123 K shows high percent of deposition of about 32.19% with increase of current density. However, the Cu deposition ratio of the preform fabricated at 1173 K decreased to about 16.49%, because of bonding and coalescence of adjacent deposition particles. In addition, the increase of contact area was expected to improve the compression strength properties of CF preform with a part of resistance of fiber deformation by direct compression loading. As the results from Fig. 1 to Fig. 3 , the CF preform fabricated at the temperature of 1123 K will be eligible for the low pressure infiltration of molten Al. Figure 4 shows the compressive stress-strain curves of the unidirectional CF preform depending on the fabrication temperature. The initial maximum strength of CF preform fabricated at 1073 K, 1123 K and 1173 K was evaluated as 1.02 MPa, 1.67 MPa and 2.15 MPa, respectively. The initial maximun stress of preform increased with the increasing fabrication temperature. On the other hand, the plastic deformation with energy absorption against the applied load is started to occur after the initial maximum stress, so called 'plateau stage' in case of the metal foam structure. 17) However, unidirectional CF preform is able to appear the fiber micro-buckling 18) and fiber kinking 19) phenomenon instead of the plastic deformation. The amount of energy absorption of the CF preform fabricated at 1173 K is more than that of the preform fabricated at 1123 K. The increase Preparation of Unidirectional Carbon Fiber Preform for Aluminium Matrix Compositesof both the initial maximun stress and energy absorption can be considered that the relatively wide bonding area of Cu particles between CFs, as shown in Fig. 3 , delays the deformation such like micro-buckling and kinking of CF by preventing form fiber bending. Figure 5 shows the cross section of CF preform after compression strain of 10%. In the microstructure of CF preform fabricated at 1123 K (Fig. 3(a) ), most of fiber did not failed by compression above the initial maximum strength even if there were observed some of local fiber fractures. In other words, the deformation behavior after initial maximum strength can be mainly governed by fiber micro-buckling model without fiber kinking model mostly. In the contrary, the CFs of the preform fabricated at 1173 K (Fig. 3(b) ) showed the catastrophic fracture profile after the compression test, even if the compression strength was higher than that of the preform fabricated at 1123 K. The CF failed by the formation of fiber kinking mode which might cause by stress concentration between enlarged Cu particles and fibers, as shown in Fig. 3(c) . Furthermore, the enlarged Cu particles are able to be obstacles to flow of molten Al when the molten Al penetrates into the CF preform by LPI process. On the other hand, since both of fiber micro-buckling and kinking by deformation of CF preform are possible to bring out the imperfect infiltration of molten Al, the infiltration pressure have to be determined below the maximum compression strength without fiber deformation and fracture.
Results and Discussion

Conclusions
(1) The Cu particles between the CFs well transformed to fiber bridging and deposition on CFs at the fabrication temperature above 1123 K. (2) The maximum compression strength of the CF preform was 1.02, 1.67 and 2.15 MPa depending on the fabrication temperature of 1073 K, 1123 K and 1173 K. (3) The CF preform showed the fiber deformation such as fiber micro-buckling and fiber kinking after maximum compression strength depending on the fabrication temperature of 1123 K and 1173 K. (4) The infiltration pressure for LPI process has to be determined under maximum compression strength.
